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Abstract  In connection with the quantity of each parameter obtained from satellite 
data the atmospheric environmental information from the earth surface is measured 
simultaneously, and the analytical algorisms of satellite data are verified to get high 
precision.  Major parameters to be measured are downward sun radiation, water vapor, 
the precipitation from clouds, the optical characteristic of aerosol, the column quantity 
of atmospheric molecular distribution which participates in the process of radiation, and 
the degrees of atmospheric turbulence. 
  Atmospheric turbulence is one of the important correction factors to evaluate the 
earth’s surface using a sensor on a satellite.  Aerosol and water vapor are selected as 
factors of turbulence.  The effects of turbulence caused by aerosol and water vapor on 
the light reflected from the earth’s surface are estimated by measuring the degradation 
of spatial coherence of light in a chamber in which atmospheric turbulence is generated. 
  Particles contained in cigarette smoke are used as an example of aerosol.  
Degradation of spatial coherence is measured in relation to the increase of aerosol.                   
Turbulence caused by water vapor is measured in the range of humidity from 49 ％ to 
96 ％ .  The spatial coherence of light in the chamber degrades in relation to the 
increase of humidity and as a result the turbulence increases.  The relation between the 
turbulence and the degree of spatial coherence is explained in formula. 
 
  
I．INTRODUCTION 
  The quality of images obtained by an astronomical telescope set on the earth surface 
is damaged by atmospheric turbulence, although the images obtained by Hubble space 
telescope launched into the space are free from the effects of turbulence.  These have 
been many papers on the study of turbulence such as those by Gamo et al 1(1978), Hill 
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et al 2 (1978)，Richard et al.3 (1979), Okayama et al.4,5 (1999) and Ho 6 (1970).  The 
experiment using an atmospheric turbulence chamber was described by Gamo 1 , the 
modified spectrum of atmospheric temperature fluctuations was discussed by Hill 2 , and 
the optical propagation of the light in laboratory turbulence was experimented by 
Richard 3.  We previously made measurements of spatial coherence of the light that has 
passed through turbulent air at different temperatures (Okayama ４，5).  In a remote 
sensing study, the effects of atmospheric turbulence on satellite data need to be 
corrected to make earth surface data as accurate as possible.  Primary factors that are 
considered to cause turbulence in the atmosphere are temperature, aerosol, and carbon 
dioxide etc.  In an attempt to quantify the turbulence, we made a chamber to simulate 
atmosphere and measured the spatial coherence of light with reference to the change of 
temperature and the quantity of aerosol.  The propagation of mutual coherence in a 
random medium was studied by Beran 7 and Fied 8. 
  Correction of errors in satellite data caused by the turbulence of atmosphere is a very 
important subject to solve in the remote sensing field.  As factors causing turbulence 
other than temperature, we considered water vapor and aerosol in the present 
experiment.  Water vapor is one of the gas components of atmosphere like nitrogen 
and oxygen.  The turbulence of atmosphere is caused by the changes of temperature, 
water vapor, aerosol, etc.  We designed a chamber to simulate atmospheric turbulence, 
and measured the spatial coherence of the light passing through the chamber to estimate 
its turbulence (Okayama et al. 1999) 3, 4 .  The results obtained by this experiment have 
verified theoretical ones by Ho 5 (1970) which are based on Kolmogorv’s theory to 
describe atmospheric turbulence (Andrews et al.6 1994, Fante 7,1974, Lutomirski et al. 8 
1971). 
 
 
II. DEGREES OF COHERENCE 
  The degree of coherence g  is given by the following formula : are the intensities 
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where ( )1 2,x xG  is a mutual coherence function, and ( )1 1I x  and ( )2 2I x  are the 
intensities of the light.  Papers by Richard et al.3 (1979), Andrews et al.4 (1994), 
Fente10 (1974), and Lutmirski et al. (1971) are related to coherence turbulence.   
  In our experiment, the interference fringes caused by the coherence were 
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photographed to obtain the degree of coherence.  The visibility of the interference 
fringes was calculated by the following formula : 
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where Imax and Imin are the maximum and minimum values of effective exposures 
obtained when the interference fringes were exposed.  I 1 and I 2 represent the laser 
intensities but in this experiment I 1 = I 2 = I .  The degree of coherence g  equals to 
the visibility V. 
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  The theoretical analysis to obtain the degree of coherence effected by turbulence was 
made by Ho5 (1970).  His results show that the degree of coherence degrades with the 
increase of turbulence. 
 
 
III. FLUCTATIONS 
  In optical turbulence in the atmosphere, the functions for the velocity field the 
fluctuation of temperature are given by 
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  Where 2VC  is the velocity (wind) structure constant and R is the spatial position.  
2
TC  is the temperature structure constant.  Similarly in the density of water vapor or         
aerosol, the structure will be given by 
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where 2DC  is the density structure constant.  For statistically homogeneous and 
isotropic turbulence, the related structure function exhibits the asymptotic behavior 
                         ( )
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where 2nC  is the index-of refraction structure parameter. 
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  Physically, the refractive-index structure parameter 2nC  is a measure of the strength 
of the fluctuations in the refractive index.  
 
 
IV. EXPERIMENTL APPARATUS 
  An atmospheric turbulence chamber as shown in Fig. 1 was made for this experiment.  
The beam is multiply reflected in the chamber.  The optical path is about 43m long.  
An argon laser (Lexel Model 65) was used as an optical source.  The light which has 
come out from the chamber after multiple reflection goes through a pinhole and next 
through double slits (slit width : 25μm, space between slits : 50μm)and the 
interference fringes are photographed by a digital camera.  When the turbulence 
increases, the degree of coherence decreases, and the turbulence change is evaluated by 
measuring the degree of coherence. The double slits are shown in Fig.2. 
  For the experiment of the coherence degree of water vapor, the same chamber as was 
used for the aerosol experiment is used.  The humidity in the chamber was raised by 
use of a humidifier. Particles contained in cigarette smoke are used as an example of 
aerosol. 
   
 
V. EXPERIMENTAL RESULTS 
  The interference fringes obtained through the double slits were photographed by 
digital camera as shown in Fig. 3.  Degrees of coherence obtained theoretically are 
shown in Fig.4.  For the experiments of water vapor, one，two and no phase screens are 
used as illustrated Fig.5, 6, and 7, respectively.  The contrast, namely coherence degree, 
of the interference fringes is calculated by a computer and the visibility V is obtained.    
The experimental results are shown in Fig. 8 and 9.  When the quantities of carbon 
dioxide increase, the coherence degrees decrease and in the experiment of water vapor, 
when the humidity increases the coherence degrees decrease, and the turbulence 
increases.  These results coincide with the theoretical analysis by Ho 5 ; namely when 
the degrees of turbulence increase, those of coherence decrease. 
  If he random medium exists along any part of the propagation path between the 
transmitter and the receiver, under the Ryotov approximation (Tatarski 12 1961，Brown13 
1967, and Yura et al.14, 1983), the optical field at the distance z = L from the transmitter 
is 
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where ( ),U r Lo  is the optical wave in the absence of the turbulence and 
),(1 LrΨ  and ),(2 LrΨ   are first-order and second-order complex phase 
perturbation caused by the random medium. 
 
 
VI. CONCLUSION 
  In this paper, we took up aerosol and water vapor as factors which cause turbulence 
of the atmosphere.  If the quantity of water vapor is measured as precisely as those of 
other factors such as aerosol, variance of temperature, and moisture in the atmosphere, 
the degree of turbulence caused by aerosol will be estimated from the results of this 
experiment. 
  The results obtained by our experiments are considered to be correspondent with the 
theoretical results of Ho5 .  If the quantity of the objects causing turbulence in the 
atmosphere can be estimated in the future, these results will be applicable to the 
correction of satellite data. 
  The experimental errors are caused by those of the readings of the densities of the 
interference fringes.  When the contrast of interference fringes is digitally obtained, the 
errors will become almost negligible. 
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 Fig.1. Optical system of the multiple reflection simulator that was used to measure 
atmospheric turbulence. 
 
 
Fig.2. Double slits. 
 
 
Fig.3. Interference fringe obtained through double slits. 
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Fig.4. Degree of coherence of a collimated Gaussian beam. 
 
 
 
Fig.5. Propagation geometry for a single phase screen. 
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Fig.6. Propagation geometry for two phase screens. 
 
. 
 
Fig.7. Propagation geometry for an extended random medium. 
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Fig.8. Experimental results of water vapor. 
 
 
 
Fig.9. Experimental results of aerosol. 
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